Green synthesis of silver nanoparticles is one of the promising branches of nanotechnology for applications in different biomedical fields. In the present investigation, methanol extract of Tinospora cordifolia root were used as reducing agent. Then the silver nanoparticles are characterized using UVVis, SEM, XRD, TEM and FTIR spectroscopic techniques. The functional biomolecules responsible for the reduction of the silver ions and the capping of the silver nanoparticles by the plant extract Tinospora cordifolia were identified by the Fourier transform infrared spectroscopy (FTIR) analysis. The TEM analysis shows that the silver nanoparticles with an average size of 100 nm. X-ray diffraction analysis showed that the particles were crystalline in nature.
Introduction
In recent years, Silver nanoparticles are receiving great interest due to their diverse applications [1] [2] [3] [4] [5] [6] . Green synthesis of silver nanoparticles has become a major focus for researchers due to their simplicity of procedures, nontoxic, stability and eco-friendly [7] [8] . The initial step in the synthesis of silver nanoparticles involves reduction of silver ions to neutral atoms with a strong reducing agent. In case of biological synthesis of silver nanoparticles, bio components such as microorganism, plant extract have been found to be excellent sources of natural reducing agents [9] [10] [11] [12] [13] [14] . Phytochemicals such as polyphenols and alkaloids etc. have been found to be suitable reducing agents in the synthesis of metal nanoparticles [15] [16] [17] . In this study, Tinospora cordifolia plant extract was used as a reducing agent to synthesis silver nanoparticles.
Tinospora cordifolia belonging to the family Menispermaceae is a genetically diverse, large, deciduous climbing shrub with greenish yellow typical flowers, found at higher altitude [18] . It is commonly known as "Guduchi" in Ayurveda [19] [20] [21] . It has been used as an important drug by ayurveda practitioners in various diseased conditions. The plant mainly contains biologically active chemical constituents like alkaloids, glycosides, steroids, sesquiterpenoid, aliphatic compound, essential oils, mixture of fatty acids and polysaccharides. The plant possesses medicinal properties like anti-diabetic, anti-periodic, anti-spasmodic, antiinflammatory, anti-arthritic, anti-oxidant, anti-allergic, anti-stress, antileprotic, anti-malarial, hepatoprotective, immunomodulatory and antineoplastic activities [22] . 
Experimental Methods

Synthesis of Silver Nanoparticles
Silver nitrate was purchased from Sigma Aldrich chemicals. All the glassware were cleaned and washed with double distilled water to remove any impurities and dried in an oven before use. Tinospora cordifolia roots were collected and rinsed thoroughly with distilled water and shade dried for 15 days. The roots were finely powdered and used for preparation of the extract. 5 g of such powder was mixed with 250 mL of methanol and the mixture was left at room temperature for two days. The extract was filtered through Whatman no.1 filter paper and the filtrate used for silver nanoparticle synthesis. 0.1 M AgNo3 was prepared by dissolving 4.25 g AgNo3 in 250 mL double distilled water. 100 mL of methanol extract of Tinospora cordifolia root was added to 100 mL of 0.1 M aqueous AgNo3 solution at room temperature for the reduction of silver nanoparticles. The reduction of silver ions takes place within 15 min at room temperature. Slowly the color started changing from colorless to brown and finally reddish brown, indicating the formation of silver nanoparticles.
Characterization of Silver Nanoparticles
UV-Vis Studies of Silver Nanoparticles
The reduction of silver nitrate to pure Ag + ions using methanol extract of Tinospora cordifolia root was monitored by measuring the UV-Vis spectrum of the reaction medium. The sample were diluted with 3 mL of acetone and measured for UV-Vis spectrum at room temperature in the range 200 -800 nm. Acetone was used as reference.
FTIR Analysis
FTIR measurement was carried out to identify the biomolecules present in Tinospora cordifolia root extract and the interaction between the nanoparticles were identified by the Fourier transform infrared spectroscopy (FTIR) analysis. FTIR spectra of the purified silver nanoparticles powder were analyzed by FTIR spectroscopy. FTIR results were obtained (Thermo Nicolet, Avatar 370) in the range 4000-400 cm -1 . FTIR spectra were measured using the KBr pellet method. The bioreduced solution was centrifuged at 2500 rpm for 30 minutes at room temperature to remove free constituents present in the solution and the pellet was obtained. The pellet was redispersed in distilled water. The process of centrifugation and re-dispersion in sterile water was repeated thrice. Then the purified silver nanoparticles were dried in oven at 100 °C . The FTIR spectrum of the dried sample was carried out to study the presence of reducing groups in the extract responsible for the formation of silver nanoparticles.
SEM and TEM Analysis of Silver Nanoparticles
The scanning electron microscope (SEM) has been employed for the morphological characterization of the synthesized silver nanoparticles. It was done using SIGMA model. The size and morphology of the resultant particles were visualized with the help of transmission electron microscopy [TEM] (Jeol/JEM 2100). The samples for TEM were prepared by placing a drop of silver nanoparticles on a copper grid, which were dried before transferring it to the microscope.
X-Ray Diffraction (XRD Analysis)
The crystallinity of silver nanoparticles was determined by X-ray diffractometer (Bruker AXS D8 Advance). The average crystalline size of the synthesized silver nanoparticles was calculated using Scherrer's formula,
where D is the average crystallite domain size perpendicular to the reflecting planes, is the X-ray wavelength, is the full width at half maximum (FWHM), and is the diffraction angle.
Antibacterial Activity of Silver Nanoparticles
The antibacterial activity performed by antimicrobial susceptibility tests, NCCLS 1993, Approved standard: M2-A5. E. Coli (Gram negative), S. aerious (Gram positive), K. pneumonia (Gram negative) and P. aeruginosa (Gram negative) strains were used for the antibacterial activity. The minimum inhibitory concentration (MIC) of compounds for each test organism was determined by a modification of the broth dilution method performed in 96 well micro-trays (NCCLS, 1993). The data analysis was accomplished using Graph Pad Prism software (Ver. 5.04) (Graph Pad Software, Inc., USA). IC50 values were obtained from regression lines with coefficient factors between R 2 = 0.52 and 0.99. Absorbance at 595 nm between reading taken before and after incubation of the plates.
In-Vitro Cytotoxicity Analysis.
The nano-metallic compounds were studied against various cell line named MCF-7 and HEP-2 along with standard anticancer drug i.e. Methotrexate. MCF-7 and HEP-2 cell cultures were used in these experiments were derived from National Centre for Cell Science (NCCS), Pune. Linear regression analysis with 95% confidence limit and R 2 were used to define dose-response curves and to compute the concentration of chemical agents needed to reduce absorbance of the formazan by 50% (IC50). Dose response curve (DRC) against all cell lines was plotted with 10 analysis point i.e. with 10 different drug concentrations. The concentration causing 50% cell growth inhibition (IC50) was determined from DRC using Graph Pad Prism software (Ver. 5.04) (Graph Pad Software, Inc., USA) and Microsoft Excel 2007 (Microsoft Corporation, USA) application.
Results and Discussion
UV-Visible Spectrophotometer Analysis
The reduction of silver ions was easily monitored with color change and it is due to excitation of surface plasmon vibration of metal nanoparticles. The color of the reaction mixture started changing from light brown to dark brown, indicating the reduction of silver metal ions Ag + in to silver nanoparticles Ag 0 . Fig. 2 shows the UV-Visible spectra of synthesized silver nanoparticles. UV-visible spectroscopic studies revealed an appearance of surface plasmon resonance peak (SPR) at the 420 wavelength corresponds to silver nanoparticles formation. Fig. 2 UV-Visible spectra analysis of silver nanoparticles synthesized by Tinospora cordifolia root extract
Fourier Transform Infrared Spectroscopy (FTIR)
FTIR measurement was carried out to confirm the dual role of the plant extract as a reducing agent and capping agent. The FTIR spectrum of silver nanoparticle is shown in Fig. 3 . The FTIR spectrum of silver nanoparticles showed distinct peaks 3261.63 cm -1 , which assigned for C-H stretching vibration of alkynes group, the peak at 2854.65 cm -1 indicating the presence of C-H stretching mode in alkanes. The peak value at 2532.54 cm -1 corresponds to carboxylic acids and their derivatives. The peaks at 582.5 cm -1 and 603.72 cm -1 corresponds to C-Br stretch of alkyl halide. The absorption peak at 1404.18 cm -1 corresponds to C-O stretching. The peak value at 1278.81 cm -1 corresponds to C-O stretching of ester groups. The peak value at 1128.36 cm -1 and 1195.87 cm -1 corresponds to C-O stretching of alcohols and ethers. The absorption peaks at 898.83 cm -1 and 721.38 cm -1 corresponds to C-H bend of alkenes. Fig. 4 shows the SEM image for silver nanoparticles synthesized using methanol extract of Tinospora cordifolia root. SEM analysis was used to confirm the shape and morphology of the synthesized silver nanoparticles. It was confirmed that silver nanoparticles get aggregated into larger irregular structure. Morphology and size of the silver nanoparticles was investigated using transmission electron microscopy (TEM). TEM micrograph (Fig. 5 ) of silver nanoparticles shows that the majority of silver nanoparticles are spherical in shape with an average diameter of 100 nm. 
Fig. 3 FTIR spectra of silver nanoparticles synthesized by Tinospora cordifolia root extract
SEM and TEM Analysis of Silver Nanoparticles
X-Ray Diffraction Analysis (XRD)
The crystalline nature of the synthesized silver nanoparticles from Tinospora cordifolia was confirmed by XRD analysis. As shown in Fig. 6 there are eight distinct reflections in the diffractogram at 27.88 0 (111), 32.24 0 (200), 38.22 0 (211), 46.18 0 (220), 54.87 0 (311), 57.42 0 (222) and 77.790(420). This confirmed face centered cubic structured silver nanoparticle formation. In addition to the Bragg peaks, additional peak were also observed at 64.50 0 . This is due to the organic compounds which are present in the extract and responsible for silver ions reduction and stabilization of resultant nanoparticles. This observation confirms the silver nanoparticles synthesized from root extract of Tinospora cordifolia was crystalline in nature. The XRD study had shown that the synthesized silver nanoparticles are having the average crystallite size around 21 nm.
Fig. 6 XRD spectrum of silver nanoparticles synthesized by Tinospora cordifolia root extract
Antibacterial Activity of Silver Nanoparticles
Antibacterial activity of silver nanoparticle was evaluated against the following micro-organisms: Escherichia coli, Klebsiella pneumonia, Pseudomonas aeruginosa (Gram negative) and Staphylococcus aureus (Gram positive). Silver nanoparticles showed antibacterial activity against almost all the test organisms. The mechanism involved in antibacterial activity of silver nanoparticle is that it may attach to the surface of the cell membrane disturbing permeability, osmoregulation, electron transport and respiration. The Figs. 7-12 show the plot of log concentration vs %cell inhibition of test compound against tested organisms. 10 Plot of log concentration vs %cell inhibition of synthesized silver nanoparticles from Tinospora cordifolia root extract against K. Pneumoniae strain
In-Vitro Cytotoxicity Analysis
The in-vitro cytotoxicity effect of silver nanoparticles was studied against Hep-2 cell and MCF-7 cell line at different concentration 0.05, 0.15, 0.46, 1.37.4.12, 12.35, 37.04, 111.11, 333.33, and 1000. The concentration required for 50% cell death (IC50) for MCF-7 and HEP-2 cell line were found to be 99.84 and 129.1 respectively. IC50 value was found to be less for the MCF-7 cell line than HEP-2 cell line. 
Conclusion
The present study demonstrates biosynthesis of silver nanoparticles using root extract of Tinospora cordifolia as a potential reducing and stabilizing agent. Different biomolecules present in the plant extract facilitates the formation of silver nanoparticles. X-ray diffraction studies confirmed the formation of face centered cubic silver nanoparticles. TEM investigation results that the average size of synthesized silver nanoparticles is around 100 nm. The obtained silver nanoparticles showed significant antibacterial and anticancer activity. This biological synthesis has several advantages like eco-friendly, low cost and non-toxic. 
